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Summary — Isoprostanes: now markers at azIdHthm inw. Fundamental and clinical data. 

A novel family of prostaglandin F2 isomers, called Fg-lsoprostanes, produced in large quantities in 
vivo by a free radical peroxidation of arachidonk add, has recently been described. The 
quantification of the two major isoforms (isoprostaglandin F2alpha type'll! and VI) In biological fluids 
and tissues as markers of lipid peroxidation appears to be an important advance in our ability id 
explore the role of free radicals In the pathogenesis of human disease. In addition, F 2 d$operstana& 
quantification seems promising as intermediate snrfpoiVrte for clinical studies of antioxidant 
therapies. <P2000 /editions sdentifiques et medicates Elsevier SAS 
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Oxidative stress is a phenomenon involved in both the physiology of aging 
and numerous inflammatory, neurodegenerative, or atheromatous pathologies. 

But -the -detection- of —this--phenomenon- -in ‘.vivo, is limi.ted.by .the_abs.ence.jof_ 

markers which are simultaneously sensitive, specific, easily quantified, re- 

i 

peatable, and noninvasive [1]. 

Recently, prostaglandin F 2 isomers, called F 2 -isoprostanes and produced in 

I 

vivo by radical peroxidation of arachidonic acid, have been described [2]. 

The F 2 -isoprostanes are chemically stable molecules produced in abundant quan¬ 
tity in clinical situations of oxidative stress. Preliminary studies have 
suggested their determination as markers of oxidative stress in the framework 
of pathophysiological research, but also under clinical conditions as a prog¬ 
nostic marker or one used for therapeutic evaluation. 


MECHANISMS OF FORMATION 


F,-isoprostanes are produced by the action of oxygen-containing free radi 
cals on esterified arachidonic acid, causing its peroxidation. They are lib- 
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erated by a phospholipase-dependent mechanism, circulate""in the plasmaT"irf'free ~] 
form, and are excreted in the urine in native or metabolized form. Because of 
the ubiquitous distribution of arachidorjic acid, the synthesis of F 2 - 
isoprostanes may take place in all the cell membranes, at the site of free 
radical production. The liberation of these compounds will therefore not be 
specific for a given pathology, but forjthe oxidative process. 

I 

STRUCTURE ANDjNOMENCLATURE 

The most important characteristic which differentiates an isoprostane 
from a prostaglandin is the bonding of the five-carbon ring with two side 

chains: cis- rather than trans-isomerism. This means that the two carbon 

1 

chains are oriented on the same side relative to the plane of the ring. The 

structures of prostaglandin F 2 and its corresponding isoprostane (isopros- 

| 

taglandin F 2qi type- III) are. shown in ..Figure__.l.,_ Recently,., a..nomenclature _was_ 

proposed in order to name all the isoprostanes regardless of their precursor 
13]. Certain authors retain the old names, however, and the terms 8-iso¬ 
prostaglandin F 2a or 8-epiprostaglandin F 2a can be found in many publications. 
Another nomenclature has also been proposed by Taber, in which iPF 2 „-III is 
called 15-F 2 o -IsoP [4]. 

I 

BIOLOGICAL ACTIVITY 

i 

i 

The isoprostanes, in particular isoprostaglandin F 2o type III and isopros¬ 
taglandin E 2 type III, have a biological action of the vasoconstrictive, mito- 

l 

genic, and platelet aggregation type. These actions seem mainly to be medi¬ 
ated by the stimulation of thromboxane A 2 receptors. The existence of specific 
receptors for isoprostanes is possible,|but not proven. One unanswered ques- 

i 

tion is whether the biological effects of isoprostanes observed in vitro are 
of significance for human physiology and pathophysiology. 
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Figure 1. Molecular structure of pros¬ 
taglandin F 2a , the corresponding iso- 
prostane (isoprostaglandin F 2a type III, 
also called 8-iso-PGF 2oi or 15-F2 a -lsoP) , 
and isoprostaglandin F 2a type VI. These 
two isoprostanes are found in signifi¬ 
cant quantities in biological fluids and 
tissues. [Remove final "e" from compound 
names — Tr. Ed.] 


QUANTIFICATION OF ISOPROSTANES 


Two methods make it possible to quantify isoprostanes in biological flu¬ 
ids: mass spectrometry and immunological methods. Regardless of the method 
used, the quantification requires an initial step of sample purification in 
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order to extract the compounds'studied, ~;a step "critical for the quantifica- 

i 

tion. A new method (LC-MS-MS) was recently developed, making it possible to 

] 

simplify the sample preparation. j 

Isoprostanes were initially identified using mass spectrometry, a sensi¬ 
tive and specific method. Immunological determination methods have since been 
developed: enzyme-linked (ELISA) or radioimmunological. These methods should 

make it possible to extend the research iin this f ield by allowing access to 

i 

easier determination. Isoprostaglandin [Fa,, type III is the isoprostane most 
often quantified. It is a stable molecule present in more abundant quantity 

than the prostaglandins or thromboxanes iin biological fluids. Among the other 

1 

isoforms, isoprostaglandin F^ type VI is found in more abundant quantity than 

j 

the isoform III, allowing for easier quantification. These quantifications 
can be carried out in all biological fluids and tissues. An artifact is cre¬ 
ated in all samples containing cell membranes (plasma, tissue), however, which 
requires rigorous and constraining sampling methods: freezing in liquid ni¬ 

trogen immediately after sampling, then istorage at -80°C. The advantage of 
determination in the urine, cerebrospinal fluid, or exhaled bronchial fluid is 

the very small quantity of lipids present, allowing collection with simplified 

/ 

storage. I 

PHYSIOLOGICAL VARIATIONS 

[ 

i 

A study in healthy volunteers revealed the absence of any variation in 
the nyctohemeral urinary excretion of isoprostaglandin F 2a type III. In addi¬ 
tion, the urinary concentrations do not vary according to the dietary regimen, 

t 

but are increased after 24 hours of fasting. The F 2 -isoprostanes are detect¬ 
able in all the biological fluids of healthy subjects, showing the existence 

J 

of a "baseline" oxidative stress incompletely suppressed by antioxidative de¬ 
fenses. The urinary excretion of F 2 -isoprostanes is correlated with age [5]. 
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These data support the hypo thesis of' an "jiricrease 'in oxidative'stress'iff the I 

1 

course of the normal process of aging, jin contrast to the prostaglandins and 

i 

thromboxanes, it has been established that taking nonsteroidal anti¬ 
inflammatory agents does not cause a reduction in the urinary excretion of 

! 

this compound in humans, although a cyclooxygenase-dependent generation could 
be observed experimentally. ! 

ISOPROSTANES AKDjPATHOPHYSIOLOGY 

t 

The majority of studies done to date are pathophysiological studies in 

which the quantification of isoprostanes is used as a marker of lipid peroxi- 

I 

dation. The pathologies studied and their results are indicated in Table 1. 

CLINICAL POSSIBILITIES 

i 

The quantification of F 2 -isoprostanes as marker of oxidative stress opens 
up numerous clinical possibilities. ; 

From a pathophysiological standpoint, their quantification makes it pos¬ 
sible to do a precise analysis of the role of free radical generation in human 

1 

l 

pathology. The physiological variations in these compounds are still poorly 
known, however: the differences as a function of sex, hormonal status, and 
physical activity have still not been specifically studied. Moreover, the 
value of determining isoprostanes coming from precursors other than, arachi- 
donic acid (F 3 - and F„-isoprostanes) remains to be evaluated. 

From a clinical standpoint, the correlation between the quantification of 
F 2 -isoprostanes and the stages of various pathologies 16-8] makes it possible 
to propose F 2 -isoprostane determination ;as a marker of degree of pathology. No 
prognostic study is currently available'because of the need to follow up on 
large cohorts of patients. One of the problems currently faced is the absence 
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of standardization among "the different determination methods and, for'each 

j 

method, the absence of standardization of the extraction methods, making it 

j 

impossible to compare the results of the different teams in absolute value. 

Finally, the use of F 2 -isoprostaneSi as a marker for therapeutic evaluation 
will develop in the years to come. Because of the numerous experimental data 
suggesting the involvement of oxygen-containing free radical generation in hu¬ 
man pathophysiology, different antioxidant therapies have been and are pres- 

f 

ently under evaluation. But there are as yet no biological data making it 
possible to optimize both the dosages and the combinations of antioxidant 

therapies used. Several pilot studies have recently been done. In hypercho- 

j 

lesterolemia, the administration of vitamin E at a dosage of 100 and 600 

i 

mg/day for a period of 2 weeks makes possible a respective reduction of 34 and 
58% in the urinary excretion of isoprostiaglandin F 2a type III [9] . Likewise, 
in subjects with type II diabetes, taking 600 mg/day of vitamin E for 2 weeks 

makes possible a 37% reduction in the urinary excretion of isoprostaglandin F 2a 

| 

type III CIO], while a 32% reduction is 'observed after 1 month of treatment in 
subjects with liver cirrhosis. The quantification of F 2 -isoprostanes as an in- 

I 

termediate marker seems particularly attractive for the development of new an¬ 
tioxidant therapies. i 


TABLE 1. QUANTIFICATION OF ISOPROSTANES IN HUMAN PATHOLOGY. 


Pathology 

Year 

Nature of the 
iSample 

Isoprostanes 

Determined 

Results 

Smoking 

1995, 1996, 
1999 

Plasma, urine, 
vascular sam¬ 
ples 

iPF 2o -XII 


Hyperhomocysteinemia 

1999 

Plasma 

iPF Za -III 

? 

Diabetes 

1995, 1999 

Plasma, urine 

iPF 2ct -III 

S 

Alzheimer's type de¬ 
mentias 

1998, 1999 

Brain tissue, 

; CSF 

iPF2a,-III and 
VI 

/■ 

Parkinson's disease 

1998 
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Schizophrenia 

1998 

Liver cirrhosis 

1999 

Alcohol-related 
liver pathologies 

1999 

I 

Hypercholesterolemia 

1996,1997, 

1998 


Atherosclerosis 


Unstable/stable 
plaque comparison 


Stable angina 
Infarction of revas¬ 
cularized myocardium 
(thrombolysis or an¬ 
gioplasty)_ 

Extracorporeal cir¬ 
culation 


Rupture of aortic 
aneurysm 


Heart failure 


COPD 


Asthma 


Interstitial pneumo¬ 
pathies 


Cystic fibrosis 


Acute respiratory 
distress of newborn 


1997, 1999 




Acetaminophen poi¬ 
soning 


Pre-eclampsia 


Samples from 
carotid en- 
darteriectomy 


Samples from 
carotid en- 
darteriectomy 


Urine 


Urine 


Urine 


Plasma 


Pericardial 

fluid 


Urine 


Exhaled bron¬ 
chial fluid 


Fluid from 
bronchoalveolar 
■ lavage 


Exhaled bron¬ 
chial fluid 


Plasma 


Fluid from tra¬ 
cheal aspira¬ 
tion 


iPF 2a -III 

VI 

and 

iPF 2a -III 

VI 

and 

iPFa.-III 

VI 

and 

iPF 2a -III 

VI 

and 

iPF 2 «-IH 

VI 

and 

iPF 2a -III 





iPF 2a -lii 


lPF 2o -III 


iPF 2a -III 


iPFjc-III 



Scleroderma 

1996 

. Urine 

iPF 2 -M 

ADLE 

1997, 1999 

Plasma, urine 

iPF 2a -lIl, 

VI 

Antiphospholipid an¬ 
tibody syndrome 

1997 

Urine 

iPF 2a -III, 

VI 




Plasma, urine 


iPF 2a -IIl 


s (plasma) 
"* (urine) 


COPD = chronic obstructive pulmonary disease; ARDS = acute respiratory dis¬ 
tress syndrome; ADLE = acute disseminated lupus erythematosus; iPF 2a -III = iso¬ 
prostaglandin F 2 » type III (8-isoprostaglandin F 2a ) ; iPF 2a --VI = isoprostaglandin 
F ?a type VI; iPF 2 -M = tetranordicarboxylic acid, a metabolite of the F a - 
isoprostanes. (References supplied on request.) 
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